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Estimates of Genetic and Phenotypic Parameters of Pelvic Measures, Weight, Height,
Calf Birth Weight, and Dystocia in Beef Cattle
KeithE.Gregory,LarryV.Cundiff,and RobertM. Koch'
Introduction
Basedon requirementsfor assistanceat firstparturition
as two-year-olds,experimentalresultsdocumentheimpor-
tanceof dystociain majorbreedsof 80S tauruscattle. In
additionto the greaterlaborand managerialrequirements
associatedwithdystocia(calvingdifficulty),experimental
resultsshowthatdystociaresultsin reducedperinatalcalf
survivalandreducedconceptionratein femalesin thesub-
sequentbreedingseason when dystociais experienced.
Thereis notagreementonthevalueof pelvicmeasuresas
a predictorofdystociaatfirstparturition.Informationis lim-
itedon the geneticrelationshipbetweenpelvicmeasures
and otherfactorsthatmaybe geneticallyassociatedwith
dystocia. Selectioncriteriaandproceduresthathavehigh
predictivevaluefor dystociaand can be evaluatedpriorto
an age of one yearwhenselectiondecisionsare normally
madeare neededto optimallycombineinformationon a
seriesof bioeconomictraitsto increaseselectionresponse
for reducingdystociawithoutloss in postnatalgrowthrate.
Becausemostof theselectionopportunityincattleis among
males,selectioncriteriaamongmalesmusthavehighpre-
dictivevaluein theirfemaleprogeny. The purposeof this
studywas to provideestimatesof geneticand phenotypic
parameterson a seriesof bioeconomictraitsevaluatedat,
or priorto,one yearof ageas a basisfordevelopingselec-
tioncriteriaandproceduresthatmayresultin reduceddys-
tociawhilemaintainingrateofpostnatalgain.
Procedure
Populations.Breedgroupsincludedin this studywere
nine purebreeds[e.g.,Red Poll (R), Hereford(H), Angus
(A), Limousin(L), Braunvieh(B), Pinzgauer(P), Gelbvieh
(G), Simmental(S) and Charolais(c))andthreecomposite
populationsto which the nine purebreedscontributed,
(MARC I =1/4B, 1/4C, 1/4L, 1/8H, 1/8A; MARC II =1/4
G, 1/4S, 1/4H, 1/4A andMARC III =1/4R, 1/4P, 1/4H,
1/4A). Datawerecollectedon F1' F2' F3 andF4 genera-
tionsfromcompositeMARC I; F2' F3 and F4 generations
fromcompositeMARC II andF1' F2' F3 andF4 generations
fromcompositeMARC III. The cattlecontributingdatafor
this studywere in the GermplasmUtilizationProjectand
werebornintheyears1983through1990.
DataCollection.Calveswereweighedatbirth,atwean-
ing and 140and 168dayspostweaning.Heightwas mea-
suredat 168dayspostweaninginbothsexes. Pelvicmea-
sures(widthandheight)wererecorded140dayspostwean-
ing in bothintactmalesandfemalesat an averageage of
320 days. Pelvic measureswere takenby two or three
experiencedtechniciansin eachyear. From1983through
1985measureswere takenby the Krautman-LittonPelvic
Mete~andsince1986weretakenbytheRicePelvimeter'.
Calvingdifficultywassubjectivelyevaluatedusingdescrip-
tivescores;Le.,1 =nodifficulty,2 =littledifficultybyhand,3
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=littledifficultywithcalfjack,4 =slightdifficultywitha calf
jack,5 =moderatedifficultywithcalfjack,6 =majordifficulty
withcalfjack,7 =caesareanbirthand8 =abnormalpresen-
tation. Percentagecalvingdifficultywas analyzed(scores
and2 =0;scores3, 4, 5, 6 and7 =1;andscoresof8 were
excludedfromanalyses). Scoresof 8 also wereexcluded
fromanalysisof calvingdifficultyscore.
Analysisof Data. The datawere analyzedby least-
squares mixed model procedures. The models used
includedthefixedeffectsof breedgroup,yearof birth,age
ofdamwithdateofbirthincludedas a covariateto adjustto
a commonage. Sirewithinbreedgroupwas treatedas a
randomeffect. More informationon specificanalysesof
these data is providedin the section on Results and is
reflectedbyTables1through12.
Studentized Range as described by Snedecor and
Cochran(1980,p. 234)wascomputedto obtainapproxima-
tionsof differencesrequiredfor significanceamongbreed
groupmeansforthetraitsevaluated(Tables1,2,3 and4).
Separateanalyseswereconductedfor the nine pure-
breedsandthecombinedgenerationsofthethreecomposite
populations.Therewasnodifferencebetweenthepure-
breeds and the three composite populations in either pheno-
typic or genetic variationfor the traits analyzed. Thus, they
were treatedas 12 breedgroups in each analysis.
Results
Heritability(h2),geneticcorrelations(rg),andphenotypic
correlations(rp)amongpelvicheight,pelvicwidth,pelvic
area,368-dayweightand368-dayheightwereestimatedon
5,715femaleprogenyby552siresand4,531maleprogeny
by 503 sires (Tables 1 and 2). Two analyseswerecon-
ductedforeachsex,i.e.,(1)alltraitsincluded(Tables5 and
7)and(2)pelvicmeasuresadjustedbyregressionto a com-
monweightandheight(Tables6 and8). Genetic(co)vari-
anceswereestimatedfromthesirewithinbreedgroupvari-
ancecomponentfor 12 breed groups representingnine
purebredandthreecompositepopulations.Amongfemales
thatproducedcalvesas two-yr-olds(2,942femalesby 438
sires),(Tables3 and4), thetraitsof calfbirthweight,calv-
ing difficultyscore (1 through7) and calvingdifficultyper-
centage(0 or 1) wereaddedand four separateanalyses
were conducted: (1) all calves with sex includedin the
model(Table9); (2)traitsadjustedby regressionto a com-
monbirthweight(Table10);(3) femalesproducingfemale
calves(Table11);and (4) femalesproducingmalecalves
(Table12J.
The h 's forpelvicmeasureswer~greaterinmalesthan
in females(Tables5 and7). The h 's for pelvicmeasures
werenotgreatlyreducedas a resultof adjustingthemby
regressionwithinbreed groupto a commonweightand
height(Tables 5, 6 7, and 8). The h2,s for pelvicwidth
weregreaterthanh~'sforpelvicheightin bothanalysesfor
bothsexes(Tables5, 6, 7 and8). The rg'sbetweenpelvic
measuresand 368-dayweightand 368-dayheightwere
greaterin both males and femalesthan the rp's among
thesetraits(Tables5 and7).
Amongfemalesthatproducedcalvesas two-yr-olds,in
theanalysisincludingallcalves,therg'sforpelvicwidthwith
368-dayweight,368-dayheight,calfbirthweightandcalving
difficUltyscore were, respectively,.57, .72, .38, and -.42
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(Table9). The rg'sof calfbirthweightwith368-dayweight
and 368-dayheightwere,respectively,.40 and .44butthe
rg'sof 368-dayweightand368-dayheightwithcalvingdiffi-
cultyscoreapproached0 (Table9). The rg and rp of calf
birthweightwithcalvingdifficultyscorewere,respectively,
.50and.51(Table9). The rp'sofpelvicmeasureswithboth
measuresof dystociaapproached0 (Table9). Adjusting
pelvicmeasuresandmeasuresofdystociatoa commoncalf
birthweightwithinsex resultedIn littleincreaseIn the rp's
between pelvic measures and measures of dystocia,
whereas,the rg of pelvicwidthwithcalvingdifficultyscore
was Increasedfrom-.42to -.80(Tables9 and10). The rg's
betweencalf birthweightand calvingdifficultyscorewere
.17and .70for femalesproducingfemaleandmalecalves,
respectively(Tables11and12).
The low rp's betweenpelvicmeasuresand bothmea-
sures of dystocia(calvingdifficultyscore andcalvingdiffi-
culty percentage) suggest that selecting replacement
femalesbasedon theirpelvicmeasuresat 320dayswould
havelittleeffecton dystociaof eithertheirmaleor female
progenyat firstparturition.The magnitudeof therg'ssug.
gests thatoptimumweightingof pelvicwidthat 320-days
alongwith368-dayweightand368-dayheightwithnegative
weightingof calvingdifficultyscoreandcalfbirthweightIna
selectionindexshould resultin responseto selectionfor
reduceddystociawhile maintaining368-dayweightand
368-dayheight. However,becausemostof the selection
opportunityin cattleis amongmales,the criticalquestion
thatis notaddressedin thisstudyis the rg betweenpelvic
measures in bulls and first parturitiondystocia of their
daughters.
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Table 1-Number of sires and Individualsand leastsquaresbreedgroup meansfor pelvicmeasuresand
size-females
Pelvic Pelvic Pelvic 368-day 368-day
Breed Number Number height width area weight height
group sires individuals (em) (em) (em) (Ib) (in)
Overallmean 552 5,715 12.8 11.2 144.2 679 47.2
Red Poll 34 356 12.6 11.0 138.4 633 45.7
Hereford 28 334 11.8 10.3 122.9 593 44.5
Angus 42 400 12.1 10.2 123.7 633 44.9
Llmousin 36 350 12.6 10.9 138.4 635 47.2
Braunvieh 39 317 13.3 11.9 158.2 708 48.8
Pinzgauer 31 313 13.2 11.7 155.2 706 48.4
Gelbvieh 39 325 13.0 11.6 152.0 710 48.8
Simmental 37 298 12.8 11.6 149.5 712 49.2
Charolais 37 368 13.4 11.8 157.8 719 48.8
MARC I 84 869 13.1 11.6 153.1 719 48.4
MARC II 79 959 12.6 11.1 141.0 703 47.2
MARC III 66 826 12.6 11.0 140.3 681 46.1
D.05" .21 .20 4.4 17.6 .4
-
" D.05Istheapproximatediff8f8f1C8betweenbteedgroupmeansrequiredforsignificance.
Table2-Number of sires and Individualsand leastsquaresbreedgroup meansfor pelvicmeasuresand
size. males
Pelvic Pelvic Pelvic 368-day 368-day
Breed Number Number height width area weight height
group sires individuals (em) (em) (em) (Ib) (in)-
Overallmean 503 4,531 12.4 11.0 136.7 891 49.2
RedPoll 29 207 12.2 10.9 134.4 836 48.0
Hereford 25 243 11.6 10.2 119.4 763 46.1
Angus 39 309 11.8 10.3 122.6 800 46.4
Limousin 32 254 12.6 10.9 137.8 825 49.2
Braunvieh 36 220 12.5 11.4 143.6 930 50.4
Pinzgauer 27 220 13.0 11.5 150.0 937 49.6
Gelbvieh 33 257 12.5 11.3 141.8 955 50.4
Simmental 30 225 12.6 11.3 142.7 948 50.8
Charolais 35 229 12.6 11.4 145.0 942 50.8
MARC I 81 783 12.3 11.0 136.4 917 49.6
MARCil 73 910 12.2 10.8 132.5 926 48.8
MARC III 63 674 12.4 10.8 134.8 902 48.0
D.05" .30 .27 6.33 25.1 .5
" D.05Is theapproximatedifferencebetweenbteedgroupmeansrequiredforsignificance.
" 1 _ no difficulty.2 _ litUedifficultybyhand.3 _ litUedifficultywithcalfjack.4 - slightdifficultywithcanjack.5 - moderatedifficultywithcanjack,6 - major
difficulty with can jack, 7 . caesarean birth.
b Percent requiring assistance.
e D.05Is the approximate difference between breed group means required for significance.
Table5-Estlmatesofheritability(h2)ofandgenetic(rg)andphenotypic(rp)correlationsamong
pelvicmeasuresandsize- femalesa,b,c
Table 3-Number of sires and Individualsand leastsquaresbreedgroup meansfor calf birth
weightanddystociaof femalesproducingcalves-sexes combined
Calf
birth Calving Calving
Breed Number Number weight difficulty difficulty
group sires Individuals (Ib) score" (%)b
Overallmean 438 2,942 84.0 2.9 52.1
Red Poll 29 189 77.8 2.8 58.7
Hereford 20 173 75.2 2.7 48.6
Angus 37 225 71.4 2.3 40.9
Llmousln 28 154 78.5 1.9 29.1
Braunvieh 34 182 93.5 3.8 68.9
Pinzgauer 27 179 94.4 3.7 67.9
Gelbvieh 34 193 87.3 3.4 59.9
Simmental 32 165 86.2 2.9 52.0
Charolals 33 177 87.3 2.3 39.0
MARC I 56 424 89.7 3.1 56.7
MARC II 53 405 85.8 3.1 56.3
MARC III 55 476 82.0 2.7 47.3
D.05e 3.5 .60 14.5
Table4-Least squaresbreedgroup meansby sex for calf birthweightand dystocia
Calving Calving
Calfbirth difficulty difficulty
wt(lb) scores (%)b
Breed
group Males Females Males Females Males Females
Overallmean 87.1 80.9 3.4 2.3 64.6 38.8
Red Poll 80.5 75.2 3.2 2.4 68.9 47.8
Hereford 77.4 73.0 3.4 2.0 68.9 25.1
Angus 73.4 69.2 2.7 2.0 53.3 28.3
Limousin 81.1 75.8 2.2 1.7 37.1 20.7
Braunvieh 98.3 88.2 4.7 2.9 83.0 54.5
Pinzgauer 97.9 90.6 4.3 3.0 79.8 55.5
Gelbvieh 90.6 83.8 4.2 2.6 76.5 42.3
Simmental 89.5 82.7 3.6 2.1 69.2 33.4
Charolais 89.5 85.1 2.6 2.0 45.1 31.8
MARC I 92.6 86.6 3.6 2.6 65.9 47.1
MARCil 88.4 83.3 3.7 2.5 68.0 44.6
MARC III 85.3 78.5 3.3 2.1 60.0 34.4
D.05e 4.8 4.6 .9 .8 19.4 21.4
-
s. b.C. See footnotes for Table 5.
Pelvic Pelvic Pelvic 368-day 368-day
height width area weight height
(em) (em) (em) (Ib) (in)
Pelvic height (cm) .14::1:.03 .64::1:.08 .88::1:.03 .46::1:.10 .70::1:.09
Pelvic width (cm) .59 .25::1:.04 .92::1:.02 .53::1:.08 .60::1:.07
Pelvic area (em) .88 .90 .20::1:.04 .54::1:.08 .70::1:.07
368-d weight (Ib) .33 .37 .39 .32::1:.04 .72::1:.04
368-d height (in) .33 .35 .38 .64 .44::1:.04-
" Estimatesofh2ondiagonal.
b Estimatesof rgabovediagonal.
e Estimatesof rpbelowdiagonal.
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Table6-Estlmatesofheritability(h2)ofandgenetic(rg)andphenotypic(rp)correlations
amongpelvicmeasures- adjustedtocommonheightandweight-females"",c
Pelvic
height
(cm)
Pelvic
width
(cm)
Pelvic
area
(cm)
Pelvic height (em)
Pelvic width (cm)
Pelvic area (cm)
.08+.03
.52
.86
.44:!:.14
.19+.03
.88
.79:!:.07
.90:!:.03
.14+.03
a Estimatesof tJ2ondiagonal.
b Estimatesof rgabovediagonal.
C Estimatesofrpbelowdiagonal.
Table7-Estlmatesof heritability(h2)ofandgenetic(rg)andphenotypic(rp)correlations
amongpelvicmeasuresandsize-malesa,b,c
Table8-Estlmatesofhertitablllty(h2)ofandgenetic
(rg)andphenotypic(rp)correlationsamongpelvic
measures-adjustedtocommonheightandweight- males.,b,c
Pelvic height (em)
Pelvic width (cm)
Pelvic area (cm)
Pelvic
height
(cm)
.40:!:.05
.63
.90
Pelvic
width
(cm)
.78:!:.04
.52:!:.05
.90
Pelvic
area
(em)
.93:!: .01
.96:!: .01
.54:!: .05
a.b.c See footnotes for Table 6.
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Pelvic Pelvic Pelvic 368-d 368-d
height width area weight weight
(cm) (cm) (cm) (Ib) (in)
Pelvic height (cm) .46:!: .05 .80:!:.03 .93:!:.01 .31:!:.08 .42:!:.07
Pelvic width (cm) .55 .60:!: .06 .96:!: .01 .32:!: .07 .42:!: .06
Pelvic area (em) .91 .84 .62:!:.06 .32:!:.07 .43:!:.06
368-dweight(Ib) .28 .30 .33 .42:!:.05 .62:!:.05
368-dheight(in) .25 .21 .27 .66 .55:!:.05
a.b.c See footnotes for Table 6.
Table 9-Estlmates of heritability(h2)of andgenetic(rg)and phenotypic(rp)correlationsamongpelvicmeasures,
size calfbirthweightanddystociaforfemalesproducingcalves-all calves"",c
Cal
Pelvic Pelvic Pelvic 368-d 368-d birth Calving Calving
height width area weight height weight difficulty difficulty
(em) (em) (cm) (Ib) (in) (Ib) score (%)
Pelvicheight(cm) .17:!:.05 .62:!:.11 .86:!:.05 .55:!:.13 .79:!:.13 .70:!:.19 .10:!:.27 .02:!:.32
Pelvicwidth(em) .58 .41:!:.06 .93:!:.02 .57:!:.09 .72:!:.08 .38:!:.13 -.42:!:.21 -.24:!:.25
Pelvicarea(em) .88 .89 .30:!:.06 .62:!:.09 .81:!:.09 .55:!:.14 -.26:!:.22 -.19:!:.27
368-dweight(Ib) .31 .37 .39 .43:!:.06 .74:!:.06 .40:!:.12 .01:!:.19 .27:!:.24
368-dheight(in) .32 .35 .38 .62 .39:!:.06 .44:!:.12 .03:!:.19 .29:!:.25
Calfbirthweight(Ib) .12 .11 .13 .23 .24 .25:!:.06 .50:!:.17 .52:!:.23
Calvingdifficultyscore -.06 -.11 -.09 .00 -.06 .51 .12:!:.05 .90:!:.09
Calvingdifficulty(%) -.03 -.08 -.07 .01 -.03 .40 .85 .07:!:.05
a.b.c See footnotes for Table 6.
Table 10-Estlmates ofheritability(h2)ofandgenetic(rg)andphenotypic(rp)correlationsamongpelvic
measures,ize,calfbirthweightanddystociaforfemalesproducingcalves-adjustedtocommoncalfbirth
weight-all calves8,b,c
Table11-Estlmatesofheritability(h2)ofandgenetic(rg)andphenotypic(rp)correlationsamongpelvic
measures,size, calf birthweightanddystocia-female calves8,b,c
47
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Pelvic Pelvic Pelvic 368-d 368-d Calving Calving
height width area weight height difficulty difficulty
(em) (em) (em) (Ib) (in) score (%)
Pelvic height (cm) .14::1:.05 .59::1:.12 .84::1:.06 .47::1:.15 .74::1:.15 -.47::1:.32 -.58::1:.44
Pelvic width (cm) .57 .39::1:.06 .93::1:.02 .53::1:.09 .69::1:.09 -.80::1:.26 -.58::1:.33
Pelvic area (cm) .87 .89 .27::1:.06 .56::1:.10 .17::1:.10 -.77::1:.28 -.68::1:.38
368-d weight (Ib) .29 .36 .37 .41::1:.06 .70 ::I:.07 -.29::1:.20 .01::1:.24
368-d height (in) .30 .33 .36 .60 .36::1:.06 -.30::1:.14 .00::1:.25
Calvingdifficultyscore -.14 -.19 -.19 -.14 -.14 .12::1:.05 .90::1:.11
Calvingdifficulty(%) -.09 -.14 -.13 -.09 -.22 .82 .07::1:.05
·Estimatesofh2ondiagonal.
b Estimatesofrgabovediagonal.
C Estimatesofrpbelowdiagonal.
Calf
Pelvic PeMc Pelvic 368-d 368-d birth Calving Calving
height width area weight height weight difficulty difficulty
(em) (em) (em) (Ib) (in) (Ib) score (%)
Pelvic height (cm) .25::1:.10 .54::1:.17 .84::1:.08 .48::1:.23 .56::1:.22 .59::1:.30 -.03::1:.40 .00::1:.42
Pelvic width (cm) .59 .40::1:.11 .91::1:.04 .60::1:.17 .60::1:.18 .52::1:.25 -.30::1:.36 -.31 ::I:.38
Pelvic area (cm) .88 .90 .30::1:11 .64::1:.19 .68::1:.19 .67::1:.28 -.20::1:.39 -.21 ::I:.41
368-d weight (Ib) .30 .34 .36 .36::1:.11 .43::1:.18 .40::1:.24 .12::1:.34 .25::1:.37
368-dheight(in) .34 .33 .38 .60 .33::1:.11 .31::1:.25 -.10::1:.36 -.08::1:.37
Calfbirthweight(Ib) .15 .10 .14 .20 .23 .25::1:.10 .17::1:.38 .15:!:.41
Calvingdifficultyscore -.04 -.08 -.07 .00 -.04 .46 .14::1:.10 1.02:!:.08
Calvingdifficulty(%) -.03 -.08 -.06 .01 -.01 .40 .90 .13::1:.10
·Estimatesofh2ondiagonal.
b Estimatesofrgabovediagonal.
C Estimatesofrpbelowdiagonal.
Table 12-Estlmates of heritability(h2)of andgenetic(rg)and phenotypic(rp)correlationsamongpelvic
measures,size, calf birthweightanddystocia-malecalvesa,b,c
Calf
Pelvic Pelvic Pelvic 368-d 368-d birth Calving Calving
height width area weight height weight difficulty difficulty
(em (em) (em) (lb) (in) (Ib) score (%)
Pelvicheight(cm) .17::1:.05 .62:!:.11 .86::1:.05 .55:!:.13 .79::1:.13 .70:!:.19 .10::1:.27 .02::1:.32
Pelvicheight(cm) .17::1:.09 .46::1:.19 .80:!:.09 .65::1:.22 .82:!:.23 .60::1:.33 .21::1:.37 .20:!:.51
Pelvicwidth(cm) .57 .44::1:.10 .91::1:.04 .58:!:.13 .73::1:.13 .41:!:.21 -.18::1:.25 -.04:!:.33
Pelvicarea(cm) .87 .89 33::1:.10 .67:!:.14 .84:!:.14 .53:!:.23 -.07:!:.28 .02:!:.37
368-dweight(Ib) .33 .39 .41 42::1:.10 .88:!:.08 .44:!:.19 -.11:!:.24 .20:!:.34
368-dheight(in) .31 .36 .38 .63 .45::1:.10 .56:!:.19 -.20:!:.25 .20::1:.34
Calfbirthweight(Ib) .11 .12 .13 .27 .25 .26::1:.10 .70::1:.19 .71:!:.33
Calvingdifficultyscore -.08 -.13 -.12 .01 -.07 .54 .20+.09 .83::1:.15
Calvingdifficulty(%) -.04 -.08 -.07 .02 -.04 .42 .84 .10::1:.09
· Estimates of h2 on diagonal.
b Estimates of rg above diagonal.
C Estimatesof rpbelowdiagonal.
